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THERMOPHYSICAL PROPERTIES OF LIQUID NIOBIUM*

R. S. Hixaon and M. A. Winkler
Lcm Alamoe National Laboratory

k AlamaJ, New Mexico, USA 87545

1. INTRODUCTION

Thermophyuical properties of meet liquid metals are difficult to measure because of the
very high temperature and presm~ required, but they are important for eeveral reaaons.
Th~ include understanding the fundamental phyoia of liquid metala and experimental
modeling and d-ign of exploding wira, foils and f-. The malting points of all but ●

few metab are at high temperature, with many exceeding 7~ K. The critical points
of mat metaln exced temperatu~ and pmmira that may be easily achieved in static
high-prmure ayo~. Because of the limitations on temperatu.ra that may be reached in
static high-p~ure experiments, vuious dynamic techniquw haw been developed to study
liquid metala. We use a mistive pub heating method in which a cylindrical wiresha.ped
sample ia made to expand along an isobdc path.’ During an experiment the mmple k
hemtd, made to melt, and enthalpy, temperature, and npai6c volume ue meaaured. After
the liquid end ●tate u reached, a single round sped meamwement per ex~riment u made,
From th~ fundamental proprtia, other propertia ouch amthermal expanaion coef?lcient,
bulk modulii, and comp~ibiliti~ may be calculated.~ Here we report meaeurementa that
we have recently made on liquid niobium.

11. EXPERIMENTAL DETAILS

The experimental tdnique and spparatw u dmribed in detail ekwhere.l Briefly,
● wire-ohnped sample (1 mm x 26 mm) u contained in ● high-p=ure v-l filled with
ugon gas. The prasum VWI haa a maximum p~ure capability of 10 kbu, and haa
four optical ports for diagnatiti. A capuitor bank discharge providee ●lectrical current
of sufllcient amplitude (-16 x ld arnperez) to rdstively self heat the sample to high-
temperature iiquid sta~. The oound-qned measurement u done using ● non-contacting
khnique.2 A 0. l-Joule ruby ber pulse u focusoed onto ● cmdl spot on one side of the
sample generating ● cound wave that propaga- acrwB the sample diuneter. The urival
of this disturbance at the ●ide oppaite the cource u detatad with an optical technique,
and the average valucity acras the mmple may be calculatd.

Ill. DISCUSSION

Reaultm for our measurements on liquid niobium are shown in Table 1, Aa may be SMII
we pr~nt valua of temperature, volume, ●lectrical r~iotivity, ●nd ●nthalpy ●t a premurc
of 2 Kb, Figure 1 pr~nti the ratio V/V. of voluma plotted ●gainst ●nthalpy, Shmvn for
compuisun are the vdua memured previously by Shaners and {;allob,’ As ran be men
we agree fairly well with the rmulti o{ Shaner et al. Our atimmted uncertainty in VOIIIIINI
in t 3% and thnt in enthalpy +2%, The b-t fit to thin data is given by:

V/V(l -= 1.017f12 t 3.4785 x 10 a II t 3.Hl@R A 10 1 112

● Thi- work waa ouppxtml hy th~ [jS I)epartmmt of Kneray,
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where 1,13 MJ/kg < H ~ 2 MJ/kg.

We have plotted our meaaured ●nthalpiea versus temperature in Fig. 2 with a calcu-
lated value of speci6c heat CP of 497 J/Kg. J{. For comparison the value of Shaner et al.
ia 610 J/Kg”K, that of Callob 513 J/kg”K, and that of Cezairliyan3 439 J/kg-K. The wide
range in values is probably due to the fact that CP depends upon temperature, the least
accurate of all meaaured qumtitiee. The lead sqmree fit to this temperature data is:

H = -0.202+ 4.W67 x 10-’ T

where T in in K, and 27S0 < T < 4450. Temperature are eatimat~d to be accurate to
+5%. From the thermal arr-t “plateau” in our pyrometer reccirda we find enthalpy valuea
of 0.85 MJ/kg at the beginning of melt, and 1.13 at the end of melt, leading to a heat of
fusion value of 0.28 MJ/kg.

Shown in Fig. 3 are our radts for elatrical nistivity plotted along with thoee of
Shaner and Gallob. We agree very will with Gallob, and thin in eomewhat surprising since
we do not agreewell with their meaaurd volum-. Our hck of agreement with the rwmltu
of Shaner for reaiativity h not understood. The fit for thb data is

Pd = 8.6693 X 10-7 + 2.01398 X 10-7 H ,

where 1.13 MJ/kg < H g 2 MJ/kg, and p,l is in ~-fl-m.

Sound velociti~ have b measured in liquid niobium cwer ● wide range of densiti~,
and th~ are shown in Fig. 4. We have plotted sound veltiity againat density to dioplay
the linear behavior as eeen in all metals msamwed previously.e” The b-t fit w our sound
velocity data is given by:

c= -3.8669 + 1..14?2 p ,

where C b in km/a, and 6.79 gm/cma ~ p < 7.59 gm/cma.

When sound velocity data u combined with the other quantitiw memured during
an ●xperiment, many additional thermod ynamia properti~ may be calculated w shown
previoudy. a As an ●xample of this, we may find the adiabatic bulk modulus:

from other meamired quantiti~, and the adiabatic compressibility frolli

K,-: ,

●

These calculated valu- of B, and K, are mhown in Fig. 5. AII prwiounly
it in now pcmaible to calculate the Gr(ineimn parameter, -T@, the isothc~mal
and comprcaoihility, the specific heat at constant volume (“,-u,and ttw ratio

2

dofw for Irad,
hulk modulun

1 (.’,,/(:,,.



REFERENCES

[1] G. R. Gathem, J. W. Shaner, -d R. K.

[2] R. S. Hixwn, M. A. Winkler, ad J. W.
(1985).

Brier, ~~ fl:471 (1976).

!3huer, ~ TtHuD./Hjgb Preuo., 17:267

[3] J. W. Shaner, G. IL Gathem, and W. M. Hodgaon, Proceeding of the 7th Symp*
eium on Thermophynicd Properti-, A. Cezairliyan Ed. (1977) i

[4] R. Gallob, H. J&ger, and G. Pottlacher, “~b~, ~:207 ( 1985),

[5] A. Cezairlyan and J. L. McClure, ~. J. z- &803 (1$87).

[6] R. S. H-bon, M. A. Winkler, and J. W. !%h-er, ~~ M:635
(1986).

[7] R. S. Hixson -md M. A. Winkler, LA-UR 8&1852 (1988).

Table 1. Thermophyeical propertia cf liquid niobinrn.

H(MJ/kg) T(K) vfv~ Pd(P-fl-@

1.13
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

2750
2830
2976
Sm
3375

3825
4050
4226

1.107
1.112
1.128
1.143
1.1s3
1.170
1,187
1.204
1.226

1.m
1.115
1.139
1.151
1.16
i.18

1.208
1.227
1.261

2,0 4450 1.237 1.275

VO= 1,17x 10-4 mskg
P=2kb
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FIR. 5, Calculatetl values o! adiub;ltlc bulk modulus
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